THIS paper is based on an analysis of ISO post-mortem examinations performed at Stoke Mandeville Hospital fr om 1945 to 1962 on patients from the National Spinal Injuries Centre. It must be understood that these ISO cases do not repre sent the total mortality rate amongst the paraplegics treated at this centre. Gutt mann in 1962 reviewed the mortality statistics of the first 2000 cases admitted to this centre between 1944 and 1959. He fo und the mortality rate was 13.2 per cent. (263 deaths). Due to the fa ct that many of these cases died at home only 105 (40 per cent.) had, at that time, come to post-mortem examination.
THIS paper is based on an analysis of ISO post-mortem examinations performed at Stoke Mandeville Hospital fr om 1945 to 1962 on patients from the National Spinal Injuries Centre. It must be understood that these ISO cases do not repre sent the total mortality rate amongst the paraplegics treated at this centre. Gutt mann in 1962 reviewed the mortality statistics of the first 2000 cases admitted to this centre between 1944 and 1959. He fo und the mortality rate was 13.2 per cent. (263 deaths). Due to the fa ct that many of these cases died at home only 105 (40 per cent.) had, at that time, come to post-mortem examination.
The findings in this paper are therefore not to be interpreted as a complete analysis of the causes of death in all paraplegics who died fo llowing admission to this centre.
A study of the macroscopic and microscopic autopsy findings is related to the relevant clinical details to ascertain the major pathological diagnosis in each case.
Both because of the number of cases studied and the completeness of the clinical fo llow-up it is thought that this analysis will be of value to all interested in spinal diseases.
No attempt at a fu ll his to-pathological study of the effects of paraplegia will be made in this paper and it is hoped that detailed studies of urinary tract path ology and amyloidosis in paraplegia will be published at a later date.
Historica l Aspects.
It is not until early in the nineteenth century that descriptions of post-mortem findings in paraplegics can be fo und. Curling as early as 1836 gives lucid descriptions of the findings in the urinary tract in fo ur fa tal cases of traumatic paraplegia of different survival times. William Gull, better known fo r his description of myxoedema, published in 1856 and 1858 detailed clinico-pathological studies on 32 cases of paraplegia. On 30 of these cases he personally performed post-mortem examinations, including a study of the spinal cord pathology. Other writers, including Howship Dickinson in 18 77 and Thorburn in 1889, give descriptions of the fa tal results of acute urinary tract infection in paraplegics that have not been bettered by any subsequent writers. During this period Fagge in 18 76 described two cases of lardaceous disease due to bedsores fo llowing fr actures of the spine. This early reference to amyloidosis in paraplegics is fo llowed by a silence of 55 years before the association of these two conditions and its significance was realised by modern writers.
During the period 1890 to 1920 paraplegia due to war wounds is the subject of many different papers. It is ironic to note that it was only because of the occurrence of large numbers of paraplegics due to gunshot wounds fo llowing World War I that both the professional and the public conscience about these helpless invalids was first stimulated. Unfortunately medical treatment of this period could do little to lengthen the brief life of these cases. Thompson Walker writing in 1917 and later in 1937 estimated that the total mortality rate (due to urinary sepsis) in British spinal cases in World War I was 80 per cent., 47 per cent. dying from the same cause within 6 to 8 weeks fo llowing injury. Frazier and Allen (1918) fo und that American paraplegics fa red no better and Connors and Nash writing in 1934 quoting mortality figures of the U.s. Army paraplegics state that 'fully 80 per cent. of them die in the first few weeks in consequence of infection fr om bedsores and catheterisation'.
The literature fr om 1920 to 1945 is chiefly devoted to the problem of how to treat the neurogenic bladder without causing fatal ascending urinary tract infec tion. No post-mortem studies on paraplegics have been fo und during this period. Hinman, however, points out in 1938 that 'while fa talities are fewer, they mostly occur fr om the same complications, namely urinary infection and bedsores on skin areas continually soiled by urine'. Rappaport in 1945 reports the post mortem findings in six cases of traumatic transverse lesions of the spinal cord. He concluded that five had died due to genito-urinary infection and one due to deep sacral decubital ulceration.
This brief historical review reveals an almost complete absence of purely pathological studies on paraplegics prior to 1945. The part played by urinary tract infection and pressure sores in the cause of death in paraplegics is well recognised. There are, however, no clues to suspect that, fo llowing the advent of the antibiotics, amyloidosis and hypertension associated with pyelonephritis would play the important part they do in the causes of death in the present: series.
Main Division of Cases. Since 1945 only three papers have been traced which give adequate and comparable post-mortem findings in paraplegics: Reingold (1953) , Dietrick and Russi (1958) and Breithaupt et al. (1961) . A criticism of all these papers is that in none of them is there any attempt to differentiate between the findings in 'acute' and 'chronic' paraplegics. Only one of these three authors, Reingold (1953) , has tried to differentiate between the causes of death related and unrelated to paraplegia. All these authors have differentiated to some degree the difference in findings in traumatic and non-traumatic paraplegia.
In analysing the post-mortem findings in our series it was quite clear that paraplegics dying within two months of paralysis ('acute' paraplegics) had basically different causes of death from those dying at any peroid greater than two months after paralysis ('chronic' paraplegics). It was also clear that to tind the part played by paraplegia in the cause of death the cases must also be divided into those dying from causes directly related to their paraplegia and those dying fr om unrelated causes. For these reasons the 150 cases have been divided as shown in Table I . These divisions, which are all important for a fu ll understanding of the findings in this post-mortem series, can be abbreviated as shown in Table II .
In composing these tables cases have been allotted to one group or another purely on the basis of the primary cause of death. For instance, one case placed in Group B died from peritonitis due to a perforated gastric ulcer. The fa ct that he was in early renal failure due to chronic pyelonephritis and amyloidosis did not alter his allotment to Group B as this was not the primary cause of death. Some mention of pathological processes contributing to death is made later in the paper. Definition. Cases were included in this section who had died within two months of paraplegia. Twenty-four cases died within one month of paraplegia and only fo ur died between one and two months of paraplegia. These latter four cases were all old people with cervical lesions dying of bronchopneumonia. (table III) I. In the first sub-group, five of the eight cases had an associated broncho pneumonia. This was severe in three elderly patients who died between one and two months after injury. Histological examination of the cervical spinal cords of these cases usually revealed traumatic vascular lesions. Petechial haemorrhages and 'haematomye1ia' fo rmation were often discovered several segments above the level of trauma.
2. The cases of pulmonary embolism are studied in detail in the next section. 3. Paralytic ileus -is a well-known complication of acute spinal shock and usually responds well to prostigmine. In this case, a man of 58 with a complete C5 lesion fo llowing a motor-cycle accident, the paralytic ileus was associated with uncontrollable diarrhoea and vomiting. There was also some contributory cerebral contusion.
4. Spinal shock in cervical lesions is often associated with apparent oligaemic shock which, unless recognised, may lead to overtransfusion. This case, a com plete C4/5 traumatic lesion in a man of 5I, was transferred to Stoke Mandeville Hospital one day after his injury, having received 3 1. of dextran together with noradrenaline. He was dead on arrival and post-mortem revealed gross pulmonary oedema.
It should be noted that apart fr om the cases of pulmonary embolism all these cases were cervical lesions often in elderly patients. The high cervical traumatic case always has a bad prognosis due to likely ascending vascular damage in his cervical spinal cord. If this does not occur, bronchopneumonia is especially lethal in the elderly patient. Discussion re Pulmonary Embolism and Paraplegia. It may be argued that pulmonary embolism is unrelated to paraplegia. Munro (1943) when re cording the causes of death in' 23 thoraco-1umbar traumatic paraplegics in 1943, quotes two cases of pulmonary embolism dying seven and eleven days after injury as being unrelated to paraplegia. However, the pulmonary emboli in our series would not have occurred had not these patients sustained a severe injury resulting in paraplegia. . This complication may occur in any other severe injury, but in these cases one may postulate that the loss of vasomotor control to the legs played an additional part in the development of the leg vein thrombosis.
There appears to be only scant reference to pulmonary embolism and para plegia in the literature. Apart fr om Munro's article mentioned above, Lord and Bunts in 1956 mention two cases of pulmonary embolism out of 21 deaths with average survival since injury of seven years. Dietrick and Russi (1958) record two cases of pulmonary infarction in their list of primary pathological diagnoses in 55 post-mortems on paraplegics but give no fu rther details. Durbin in 1961 quotes one case of pulmonary embolism occurring 14 days post-operatively in a cervical cord injury. Breithaupt et aI. in 1961, discussing the causes of death in 94 paraplegics, go out of their way to say that no cases died of pulmonary embolism 'despite the common occurrence of thrombophlebitis of the lower extremItIes in chronic paraplegics'. Since only fo ur of their cases died within six months of paraplegia, the literature where specific appears to agree with the present findings that pulmonary embolism is very rare in chronic paraplegics.
FIG. I Massive Pulmonary Embolism in Acute Paraplegia
Case No. 6 in Table IV. The right side of the heart has been opened to show a large coiled ante-mortem thrombus completely filling the pulmonary valve and trunk, with its distal portion lying in the right ventricle.
Further studies, both pathological and physiological, are indicated on all aspects of leg vein thrombosis and pulmonary embolism in paraplegia.
Comments on the Primary Causes of Death in Group II (table V) I. Two cases dying of associated injuries had recent myocardial infarcts contributing to death.
2. One case dying from metastases showed fa irly extensive acute and sub acute pyelonephritis six weeks after the onset of paraplegia. Remembering the appalling mortality rates fr om urinary tract sepsis in the first two months fo llowing injury in the World War I paraplegics (Thompson Walker, 1917 , 1937 Frazier & Allen, 1918; Connors & Nash, 1934) , particular attention was paid to evidence of urinary tract infection. Adequate kidney histology was available in 25 cases and only two showed evidence of pyelonephritis. Only five had recorded urinary infection. These figures augur well fo r the future prognosis of paraplegics. There is no doubt from all the clinical observations since the last world war that the life expectancy of paraplegics is steadily improving (Guttmann, 1962) .
THE MAJOR CAUSES OF DEATH IN 122 CASES OF CHRONIC
PARAPLEGIA Definition. Cases included in this section had all died at some period after two months fo llowing their paralysis. This section will also include discussion concerning the duration of life in chronic traumatic paraplegics and some details of the pathology of renal failure in chronic paraplegia. (table VI) 1. Renal fa ilure was by fa r the commonest primary cause of death in this important group. Of these 53 cases, 32 had associated amyloidosis, 29 hyper tension and all but three chronic pyelonephritis. This triad of aetiological factors leading to renal failure in chronic paraplegia will be further discussed later in this paper.
Comments on the Primary Causes of Death in Group A
2. Of the five fa tal cases of cerebral haemorrhage, fo ur had hypertenions associated with chronic pyelonephritis. Average survival time since paraplegia: 8-7 years .
Levels of paraplegia Complete
Cervical 8 Thoracic 1-4
Thoracic 5-8 . 3. The two cases dying fr om post-operative shock fo llowed nephrolithotomy in one instance and the fo rmation of an ileal bladder in the other. Both these operations were necessitated by urinary complications of paraplegia.
4. Two cases of carcinomatosis fr om carcinoma of the bladder occurred in paraplegics who had survived 13 and I4! years respectively fr om the time of their paralysis. During this period they had both had persistent urinary infection with severe chronic cystitis. Histologically both these tumours were transitional-cell carcinomata showing squamous metaplasia. It seemed reasonable in these cases to attribute the development of the carcinomata to the chronic vesical infection.
5. One of the two cases of meningitis arose fr om a perivesical abscess fo llow ing renal suppuration. The other occurred due to infection fo llowing upon direct invasion of the spinal canal by an epithelioma arising in a chronic pressure sore.
6. Only one case, who died in 1950, was considered to have died primarily from toxaemia fr om extensive chronic pressure sores. Of the 122 cases of chronic paraplegia in our series at least 104 had clinical details of pressure sores at some period in their life. Of these, in 53 cases there was involvement of the underlying bone with osteomyelitis. (Guttmann's Stage III (1953) ). In a fu rther fo ur cases toxaemia fr om severe pressure sores present at the time of death played a con tributory part in the cause of death.
Decubitus ulceration with underlying bone involvement is probably the major aetiological fa ctor in the fo rmation of amyloid in chronic paraplegics. Pressure sores, therefore, make a very important contribution to the underlying causes of renal fa ilure in these cases.
7. The one case dying fr om lung abscess is of considerable interest. It occurred in a man of 70 who had survived 37 years fo llowing an incomplete paraplegia at T7 due to a gunshot wound in World War I. Chronic urinary tract infection finally caused his death in this way. At post-mortem it was fo und that a large calculus had fo rmed in the first part of the right ureter in association with severe chronic pyelonephritis. This calculus had ulcerated through the ure teric wall causing a perinephric abscess which had further extended to fo rm a right subphrenic abscess. This latter had then perforated through the diaphragm to cause a large lung abscess in the right lower lobe. He died fr om a severe terminal haemoptysis.
The dotted line drawn at this stage in Table VI indicates that the deaths in sub-groups 8 and 9 were peculiar in being related to their level of injury (cervical) as well as to their paraplegia.
Some comment on the cervical cases in Group A is relevant at this stage. There were 15 such cases and 10 of them showed a similar age and disease pattern as the thoraco-Iumbar cases, viz. eight cases of renal fa ilure, one cerebral haemor rhage and one post-operative shock.
8. Four of the remaining cervical cases have been classified as dying fr om respiratory fa ilure. Two of these, aged 23 and 40 at death with lesions at C4 (incomplete) and C5 (complete), had survived 41 and 31 years respectively since their paraplegia. At post-mortem they had both died fr om gross pulmonary oedema associated with 'flare-ups' of unilateral pyelonephritis . The blood urea was not elevated in either case at the time of death.
The other two cases, aged 44 and 34 with clinical C6 (incomplete) and C6 (complete) lesions, had survived I .�. and 14 years respectively since their paraplegia. At post-mortem they both had severe pulmonary oedema and examination of the cervical region of their spinal cords showed severe damage extending above the clinical level of paralysis. Neither case showed any significant renal disease.
These fo ur cases seem to indicate that chronic cervical paraplegics are liable to acute respiratory fa ilure either associated with a 'flare-up' of renal infection or lethal extension of their cervical cord injury. It would appear, therefore, that the survival time of chronic cervical paraplegics is more unpredictable than that of thoraco-Iumbar cases, and that both in the acute and chronic stages the prognosis of cervical paraplegics is precarious. Two graphs will be presented later to elaborate this point.
9. The one case dying fr om a cerebral abscess is unique and his case history is as fo llows: A man of 72 suffered a complete paraplegia below C7 fo llowing a car accident. He was treated in another hospital with traction to his spine by skull calipers. Four months later he suddenly developed signs of a right hemi paresis and aphasia thought to be due to cerebral thrombosis. There were no clinical signs of increased intracranial pressure. At post-mortem it was fo und that one of the burr holes made fo r the skull traction had penetrated through an abnormally thin skull bone and allowed infection to enter the skull with the formation of a large chronic cerebral abscess 2t in. in diameter in the left temporal lobe.
Duration of Life in Chronic Traumatic Paraplegia. Two graphs have been prepared from the 71 cases in Group A. In these the years of life (survival time) since paraplegia have been plotted against the year in which death occurred in each individual case.
The first graph ( fig. 2) This graph shows that cases of non-cervical chronic traumatic paraplegia, dying fr om causes related to their spinal injuries, which came to post-mortem from 1945 to 1962 show a steadily increasing survival time.
The second graph ( fig. 3 ) concerns the 15 cervical cases. In comparison this graph shows no such clear increase in survival time, although it must be emphasised that the number of cases is too small to come to any definite conclusion.
Summary of Group A. Analysis of the primary cause of death in this most important group of traumatic paraplegics shows that renal fa ilure is by fa r the commonest fa tal pathology. Chronic pyelonephritis, amyloidosis and hyper tension are the underlying fa ctors causing the renal fa ilure, and the hypertension may also lead to fa tal cerebrovascular accidents.
Chronic traumatic paraplegia due to cervical injuries appears to be associated with more unpredictable survival rates. (table VII) I. These three cases all died fr om peritonitis due to perforated peptic ulcers. One case was in early renal fa ilure due to pyelonephritis and renal amyloidosis. No specific relationship between peptic ulceration and paraplegia has been noted in the literature.
2. These three cases were aged 52, 58 and 59 at time of death. All showed evidence of chronic pyelonephritis at post-mortem.
3. Death in these cases was due to widespread seminoma, carcinoma of the stomach and carcinoma of the pancreas.
4. One of these cases was due to an empyema developing fr om associated chest injuries at the time of paraplegia. 6. This case died in uraemia and anuria fo llowing upon an operation for removal of a piece of shrapnel fr om a chronic sinus of the lumbar spine present since his paraplegia 10 years previously. At post-mortem the kidneys had a 'flea-bitten' naked-eye appearance and histology revealed severe fo cal glomerulo nephritis without any evidence of pyelonephritis.
7. Dissection of the first part of the aorta with cardiac tamponade due to haemopericardium occurred in a woman of 60 with hypertensive heart disease and mild fo cal chronic pyelonephritis.
8. Death in this case was due to haematemesis fr om oesophageal varices due to a severe post-necrotic cirrhosis of the liver.
9. Death in this case was due to bronchopneumonia super-imposed upon an active pulmonary tuberculosis with an associated psoas abscess. There was also severe amyloidosis of the liver and spleen presumably of tuberculous aetiology as there was no evidence of renal infection or decubitus osteomyelitis.
10. This case concerned a man of 36 who died two years after a traumatic lesion to the cauda equina fo llowing an obscure acute gastro-intestinal affliction. Although at post-mortem a chronic infection of the urinary tract with an acute pyelonephritis in one kidney was discovered, this case is included in group B having regard to the uncertainty of the cause of death.
I I. Death in the last case of Group B occurred due to septicaemia fo llowin? agranulocytosis thought to be due to amidopyrine.
Summary of Group B. Although the primary cause of death in this group was unrelated to paraplegia and due to a variety of pathologies, 13 of the 20 cases showed evidence of pyelonephritis.
One case dying fr om peritonitis due to a perforated gastric ulcer was in early renal failure due to pyelonephritis and renal amyloidosis. Average survival time since paraplegia: 8·6 years.
Levels of paraplegia
No cervical cases. Ten thoracic cases--two of which were incomplete. One case of poliomyelitis . (table IX) . Note the striking similarity between this small group and the non-cervical cases in Group A. It seems that if death occurs related to paraplegia the aetiology of the paraplegia, whether traumatic or non-traumatic plays no part either in the major cause of death or in the overall survival time. The only exception to this is in the traumatic cervical group who run a somewhat different course as discussed before.
I. Renal fa ilure occurred in I I cases. Seven of these had associated amy loidosis, six hypertension, and all chronic pyelonephritis. As in Group A, this lethal triad is all important and it is discussed later in the paper.
2. The post-operative death occurred in a case of old poliomyelitis and fo l lowed nephrolithotomy on one surviving kidney.
3. This case died from septicaemia presumably of renal tract origin with terminal ulcerative endocarditis, bronchopneumonia and paralytic ileus.
Summary of Group C. Renal fa ilure plays the predominant part in the major cause of death in chronic paraplegics of non-traumatic origin. Of the two cases of liver fa ilure, one had subacute yellow atrophy and the other portal cirrhosis with terminal liver necrosis, both cases apparently unrelated to paraplegia.
The one case of renal fa ilure died in acute uraemia and was diagnosed at post-mortem as acute pyelonephritis. Histology, however, revealed an acute fo cal glomerulonephritis of unknown aetiology.
The case labelled acute displacement of the posterior mediastinum occurred in a young girl of 14 with paraplegia due to a neurofibroma compressing the spinal cord at T6. She had suffered multiple operations on her vertebral column else where with resulting distortion of the thoracic cage by severe lordosis and kypho scoliosis. Sudden death was attributed to heart fa ilure due to extreme displace ment of the posterior mediastinum with tension on such structures as the aorta and vagus nerves.
Summary of Group D. The primary causes of death in this group include a wide range of pathology unrelated to paraplegia. Histological examination of the kidneys revealed evidence of chronic pyelonephritis in 14 cases with severe involvement in seven cases.
After this detailed analysis of the major causes of death in 150 post-mortems on paraplegic patients some of the essential findings in paraplegics dying fr om causes related to their spinal disease have been arranged in a 'Tree' (fig. 4) . This shows the relationship of survival time to the most important major causes of death.
RENAL FAILURE IN CHRONIC PARAPLEGIA
In order to complete this study of the primary causes of death in 150 para plegics some details of the mechanism of renal fa ilure in chronic paraplegia are now presented. It is hoped to publish a fu ll his to-pathological study of this problem, with special reference to amyloidosis in chronic paraplegia at a later date. For this reason it is regretted if some of the statements in this section appear dogmatic and unsupported by adequate details.
To remind readers of the predominant part which renal fa ilure has played in the cause of death of chronic paraplegics in our series, 
Deaths related to paraplegia:
Groups A and C Deaths unrelated to paraplegia:
Groups B and D 
'-"---------------------------
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As stated earlier, renal fa ilure in chronic paraplegia is due to a triad of pathological processes:
I. Chronic pyelonephritis.
2. Amyloidosis.
Hypertension.
On breaking down the three main underlying causes of renal fa ilure in the 64 cases from Groups A and C we obtain the figures shown in Table XII . The pathology of chronic pyelonephritis has been well described by many mthors (Staemmler & Dopheide, 1930; Weiss & Parker, 1939; Kleeman et al., I960; Kimmelstiel et al., 1961) . Apart fr om its severity, the chronic pyelo tlephritis in chronic paraplegics differs little fr om previous descriptions. For this reason this section is completed by a short description of the parts played by amyloidosis, hypertension and calculosis of the urinary tract in the renal failure of chronic paraplegia.
I. Amyloidosis (fig. 6 ). Histological evidence of amyloidosis was fo und in 48 out of the I22 cases of chronic paraplegia. In all instances it was secondary in type. The cases were distributed as shown in Table XIII .
TABLE XIII Amyloidosis in Chronic Paraplegia
--_ .... _ ... -----------_._--_ .. __ ._--
Deaths related to paraplegia:
Groups B and D I I.
* Of these, one case was associated with pulmonary TB and another with widespread neuroblastoma-both unrelated to paraplegia. , 1953; Comarr, I955; Box, I957) , the chief underlying causes of amyloidosis were chronic pressure sores with underlying bone involvement and osteomyelitis, and chronic urinary tract sepsis. Although both these causes were present in the majority of cases our series showed that a few developed amyloidosis purely due to urinary tract sepsis.
As previous writers have noted (Thompson
Amyloidosis appeared to cause death only through renal involvement and no cases were considered to have died through amyloid infiltration of other organs. One of the striking findings in this series was the fr equent occurrence of severe renal amyloid with only relatively slight involvement of other organs. Obviously if this distribution is peculiar to amyloidosis in paraplegics it has a grave prognostic significance.
The part played by amyloidosis in the causes of death in these 48 cases was as fo llows:
Amyloidosis the major cause of death in 27 cases. Amyloidosis a contributory cause of death in I4 cases. Amyloidosis present but played no part in cause of death in 7 cases.
2. Hypertension. A surprisingly high incidence of high blood pressure was found in our series. Critical assessment of both clinical and pathological evidence revealed 4I cases of definite hypertension amongst the 122 chronic paraplegics. These cases can be broken down as shown in Table XIV .
These figures indicate the striking difference both in incidence and type of hypertension between paraplegics dying fr om causes related and unrelated to their paraplegia. Careful clinical and pathological study of this unique group of cases seems to confirm the association of hypertension with chronic pyelo nephritis. The high blood pressure in these cases may contribute to death in three ways, either singly or in combination. It may lead to cardiac or renal fa ilure or may result in cerebrovascular accidents (CVA.) The part played by hyper tension in the death of any individual case may be quite apparent, as is the case in a fatal cerebral haemorrhage. On the other hand it is more obscure in cases with renal fa ilure ( fig. 7) . The final assessment of the part played by hypertension in the causes of death of the 84 cases in Groups A and C who died related to their paraplegia is as fo llows:
Hypertension the major cause of death in 12 cases. Hypertension a contributory cause of death in 17 cases. Hypertension present but played no part in the cause of death in 5 cases. 
TABLE XV Calculosis in Chronic Paraplegia
Patients with Patients with ! The difference between these figures is partially explained by the fr equent operative removal of calculi during life.
FIG. 8 Renal Calculosis in Chronic Paraplegia
Photograph of the right kidney of Case No. 131 opened at post-mortem to show multiple small and large calculi filling the renal pelvis. There was associated severe renal amyloidosis and chronic pyelonephritis.
This case, a man of 62, paraplegic from trans verse myelitis involving the lower thoracic spinal cord, was peculiar in having mUltiple calculosis of kidneys, ureters and bladder both in life and at post-mortem.
To give some indication of the part played by urinary calcu losis in the causes of death of these 122 chronic paraplegics the following table of numbers of operations on the urinary tract during life is presented (table  XVI) .
At least 43 (5 7 per cent.) of these operations were performed fo r the removal of calculi and in several cases repeated lithotomies had to be carried out. The striking difference between the above two groups indicates that calculosis of the urinary tract plays a significant part in the aetiology of renal fa ilure in para plegia.
Finally an attempt has been made to summarise in a diagram (Fig. 9 ) the main pathological processes which occur in chronic paraplegics directly related to their paraplegia. The thickness of the arrows is intended to give some idea of the degree of the processes as seen in our series.
It is thought that with modern and swift treatment of pressure sores the part played by amyloidosis in the death of chronic paraplegics will be greatly, but not completely, eliminated. This will result in a 'shift to the right' in the above diagram. Further advance� in treatment especially in the initial stages of paraplegia may prevent chronic pyelonephritis leading to renal fa ilure, but unless urinary infection is abolished altogether, hypertension resulting fr om slight to moderate chronic pyelonephritis may still take its toll fr om renal fa ilure, cardiac fa ilure or cerebrovascular accidents. In this connection it may be noted that cases of hypertension due to unilateral pyelonephritis have been cured by removal of the diseased kidney (Barker & Walters, 1940; Pickering & Heptinstall, 1953) . It remains to be seen in the fu ture how fa r nephrectomy may fo r the same reason be helpful in certain cases of chronic paraplegia.
To complete this section one short case history is presented. This one case Became deeply comatose fo r last month of life.
Note also: (a) There had been persistent urinary infection with Ps. py ocyanea since time of injury, and by Bact. aerogenes since 1957.
(b) During the last year of life multiple blood transfusions and a high protein diet were used to combat persistent renal anaemia and gross hypoproteinaemia.
Post-Mortem Findings. A massive haemorrhage into the left cerebral hemisphere was obviously the major cause of death. The heart was enlarged and showed left ventricular hypertrophy but only slight coronary atheroma. The lungs showed severe pulmonary oedema and there were large pleural effusions indicating chronic cardiac failure. The urinary tract appeared as in Figure 10 .
Photograph of the Urinary Tract in Case No. 143. This shows gross pyelonephritic scarring with severe loss of renal tissue and moderate hydronephrosis of the left kidney. The right kidney is normal in size and shows loss of cortico-medullary demarcation and a generalised firm waxy pale blotchiness characteristic of severe renal amyloidosis. The ureters are only moderately thickened. The bladder shows thickening and muscular hypertrophy of its wall with trabeculation and congestion of the mucosa.
On histological examination the remaining tissue in the left kidney showed severe generalised chronic pyelonephritis. The fe w surviving glomeruli were filled with amyloid (Fig. 5) . In contrast the right kidney showed only fo cal areas of chronic pyelonephritic scarring and severe amyloid infiltration of the glomeruli, peritubular regions and in the walls of the vessels. There appeared to be severe benign nephrosclerosis in both kidneys but no evidence of malignant hypertension.
In addition there was severe infiltration of the spleen, liver and adrenals by amyloid and this material was demonstrated in small amounts in the tongue, thyroid, heart, pancreas and rectum.
The pathological findings can be summarised as fo llows:
I. Massive cerebral haemorrhage associated with 2. hypertensive heart disease accompanied by 3. renal fa ilure due to a combination of amyloidosis, chronic pyelonephritis and nephrosclerosis. 4. In addition, there was widespread secondary amyloidosis throughout the body.
Discussion. As stated before, all current literature on post-mortem findings in paraplegics suffers fr om insufficient numbers of cases to make possible strict comparisons with the findings in our series. However, the part played by renal fa ilure and comparison of other pathologies will be made where possible.
Considering first the papers of Reingold (1953) , Dietrick and Russi (1958) and Breithaupt et aI. (1961) , we find a considerable difference in the incidence of renal failure as compared with either the present series or Guttmann's earlier work (1953) on causes of death in paraplegics at Stoke Mandeville Hospital (table XVII) . Reingold (1953) considered in detail only the findings in 17 traumatic para plegics out of 25 post-mortems. Of these he considered that six had died fr om causes directly related to paraplegia. These six all died in uraemia with the fo llowing underlying pathologies: This-pattern of renal pathology simulates in miniature the pathology fo und in the kidneys of the present series.
Dietrick and Russi published in 1958 'A Tabulation and Review of the Autopsy Findings in Fifty-five Paraplegics', the only paper fo und confined specific ally to this subject. These autopsies were performed during 1946 to 1955 and 41 (75 per cent.) cases were of traumatic origin. Their list of primary pathological diagnoses is headed by II cases (20 per cent.) dying due to renal disease; these included fo ur cases of renal amyloidosis. Their next commonest cause of death was liver disease-eight cases, of which five were due to acute hepatitis. Unfor tunately no attempt is made in this paper to differentiate between cases dying fr om causes related and unrelated to paraplegia. On fu rther study it is obvious that many of their cases died fr om unrelated causes, and if these are excluded the incidence of renal fa ilure rises to a level nearly comparable with our series.
In the summary of their article Dietrick and Russi end by saying that 'the incidence of renal disease as a fa tal complication is apparently decreasing in paraplegia'. The findings in our series did not appear to agree with this statement. A comparison of the incidence of renal failure in our series dying between 1945 and 1955, the same period as Dietrick and Russi's, and those dying between 1956 and 1962 was therefore made (table XVIII) . 
The above figures, whilst showing some possible trend to a reduction in the incidence of renal fa ilure, are not significant enough to support Dietrick and Russi's statement. It is thought that, whilst the overall mortality rate in chronic paraplegics is improving steadily (Guttmann, 1962) , the incidence of renal failure in those cases dying due to complications of paraplegia has not yet shown any significant change.
Breithaupt et al. (1961) reviewed the causes of death in paraplegics at Toronto General Hospital and Sunnybrook Veterans Hospital between 1945 and 1958. Of 94 deaths in traumatic paraplegics during this period they estimated that 40 (42.5 per cent.) died in renal fa ilure. Forty of these cases came to autopsy and 20 (50 per cent.) died due to renal fa ilure. Unfortunately there are no further pathological details in this paper, but these figures are fa irly close to agreement with the findings in the present series.
One other paper, though not written specifically on post-mortem findings, requires discussion. Nyquist in 1960 published a preliminary report on 'Mortality in Spinal Cord Injuries'. He reviewed the 184 deaths that occurred out of 1626 patients from the Veterans Administration Hospital, Long Beach, California, (14), secondary amyloidosis (13), liver disease (9), peritonitis (6) and haemorrhage (6). Fifty per cent. of his cases died of renal disease, and this figure agrees with our series. Unfortunately there are no histo-pathological details.
His next commonest cause of death was pulmonarY-18 cases. Many of these were cases of pneumonia associated with respiratory embarrassment in quadriplegics who died soon after their paraplegia. These are equivalent to the cases dying of respiratory fa ilure in our Group I.
Fourteen of his cases died fr om suicide due to knife, bullet, trauma or drugs. This number compares very unfavourably with our series in which there was only one case of suicide, from aspirin poisoning.
Nyquist's conclusions agree in general with the findings in our series. The findings in our series confirm those of other recent writers in placing renal fa ilure fa r ahead of all other major causes of death.
One other major cause of death requires some comment. Both Dietrick and Russi (1958) and Caravati et al. (1958) report a high incidence of hepatic disease in paraplegics. Caravati fo und 50·9 per cent. of significant hepatic pathology in 55 cases. This included II cases of hepatic amyloidosis. Although in our series there was histological proof of hepatic amyloid in 44 cases, this was fo und to be severe in only three cases and did not appear to play a major part in their death. Furthermore, Caravati fo und seven cases of periportal cirrhosis. Although three cases in our series died fr om liver disease, only one had periportal cirrhosis. There were, however, a fu rther seven cases of early but definite portal cirrhosis, and this adds some evidence to the view that paraplegics are more prone to liver disease than non-paraplegics.
SUMMARY
An analysis of 150 cases of paraplegia coming to post-mortem at Stoke Mandeville Hospital between 1945 and 1962 has been made to ascertain the major causes of death.
Twenty-eight cases died within two months of paraplegia. Respiratory failure in cervical lesions and pulmonary embolism in non-cervical lesions were the most important causes of death related to paraplegia in this group.
One hundred and twenty-two cases died in the late stages of paraplegia. Renal fa ilure was the major cause of death in three-quarters of the 84 chronic paraplegics who died from causes related to their paraplegia.
The renal fa ilure was due to a mixture of three pathologies-chronic pyelo nephritis, amyloidosis and hypertension. These all result fr om the two main complications of paraplegia namely, pressure sores and urinary sepsis. There was a much higher incidence of amyloidosis and hypertension associated with chronic pyelonephritis in our series than reported by other writers. The reasons fo r this are discussed.
Although the pattern of disease in paraplegics is changing, urinary infection with all its sequelae remains the major underlying cause of mortality in chronic paraplegia. paraplegia, because people survived fo r many years in spite of chronic infection of the renal tract. There were a number of patients with marked hypertension who were still alive. There was a small group, however, where hypertension was unrelated to the paraplegia, and one had to consider people who had certain hereditary hypertensive possibilities.
RESUME
Another interesting aspect was the development of epitheliomas fo llowing bedsores, although in the material of over 2500 patients at Stoke Mandeville this had occurred in only two patients. The occurrence of carcinoma in unhealed sores had already been described by Stanley Lee in survivors fr om World War I. In our cases Dr. Walsh had excised the tumour with the surrounding scar several years ago, and both patients were still alive and had fu ll-time employment. A fu rther point of importance was the recur rence of osteomyelitis underneath a healed sore. This could happen many years after the sore had healed, and it was of greatest interest that the lingering sepsis fr om sores was one if not the main cause of amlyoidosis.
Damanski, M. (England) raised the question of rupture of the diaphragm. In the Southport Unit, he had fo ur patients out of 300 admissions. Two patients had died, one before surgical repair, the other after operation. With regard to post-operative shock, he did not agree with his anaesthetist, who was reluctant to give blood transfusions before the operation. With regard to the legal side, he raised the question of relationship between coronary thrombosis and spinal injury.
Tribe, C. R. (England): In the present series there was one case of post-operative shock fo llowing traumatic rupture of the diaphragm. With regard to the question of relationship between coronary thrombosis and spinal trauma, if there was any question of hypertension he was always prepared to say that this was related to paraplegia, pro vided there was pyelonephritis. He stressed the importance of measuring the blood pressure in patients who came in fo r check-up, as was done regularly at Stoke Mandeville.
